This experiment examined how multiple planning constraints affect grasp posture planning in 6-to 10-year-old children (n ϭ 16 in each group) by manipulating the intended object end-orientation (left end-down, right end-down) and initial precision demands (standard, initial precision) of a bar transport task. Results indicated that grasp posture planning was strongly influenced by multiple planning constraints. During the standard condition the sensitivity toward comfortable final hand postures (end-state comfort) was similar for all age groups in right end-down trials, and corresponded to values reported in adult populations. In contrast, there was an age-related increase in end-state comfort compliance during left end-down trials. During the initial precision condition end-state comfort was similar across all groups for left end-down trials. However, end-state comfort compliance was significantly lower for the 6-year-old children than in all other age groups for right end-down trials. In sum, the ability of children to plan their goal-related movements is influenced by the presence of task-related constraints that increase the overall cognitive demands of the task. The demands associated with selecting the appropriate grasp posture during the most cognitive demanding condition required more cognitive resources than 6-to 10-year-old children possess. Removing the conflict between the goal-directed and habitual systems reduces some of these costs, with data indicating that the ability to integrate multiple planning constraints first emerges at 7 years of age, and improves over the developmental spectrum.
A characteristic of successful motor performance is the ability to plan and execute movements in such a fashion that everyday tasks can be accomplished. Humans use the goal-directed system and the habitual system to produce instrumental behavior (Dickinson & Balleine, 2002) . The habitual system reflects the tendency of individuals to repeat behaviors that have led to desirable outcomes in the past, without consideration of the casual relationship between action and outcome, or the consequences associated with the selected action (Balleine & Dickinson, 1998; Creem & Proffitt, 2001; Daw, Niv, & Dayan, 2005) . For example, Creem and Proffitt (2001) examined tool grasping and transport, and reported that participants grasped the objects with prototypical grasps, even if doing so resulted in cumbersome upper extremity postures.
The goal-directed system, by contrast, organizes actions with respect to the properties of the object (e.g., size, shape, location; Jeannerod, 1981 Jeannerod, , 1984 , the affordances that the object provides (e.g., Gentilucci, 2002) , and future task demands (e.g., Marteniuk, MacKenzie, Jeannerod, Athenes, & Dugas, 1987; Rosenbaum, Chapman, Weigelt, Weiss, & van der Wel, 2012) . The influence of the goal-directed system has also been observed in children (cf. Keen, 2011; Wunsch, Henning, Aschersleben, & Weigelt, 2013) . McCarty, Clifton, and Collard (2001) had 9-, 14-, 19-, and 24-month-old children grasp various objects (i.e., spoon and hairbrush used for self-feeding and for feeding a stuffed animal, magnet used to pick up a metal object, hammer), and found that only children older than 14 months of age were able to grasp the object with the appropriate radial grip. Thus, both infants and toddlers are in part able to anticipate the consequences of their actions and plan their movements when grasping everyday objects in everyday life (McCarty et al., 2001) .
A number of researchers have examined how various constraints influence the planning of grasp postures during object manipulation (cf. Rosenbaum et al., 2012) . In a seminal study, Rosenbaum et al. (1990) asked participants to grasp a horizontally positioned bar and place it in a vertical position to either a left or a right target. In this bar transport task, when the left side of the bar was placed to either the left or right target, all participants grasped the bar with an underhand grip. However, when the right side of the bar was to be placed to either target, participants always grasped the bar with an overhand grip. Thus, regardless of target location, participants grasped the object so that the hand ended in a comfortable posture.
The sensitivity toward comfortable (and more controllable) final goal postures is called the end-state comfort effect, and indicates that people take future states into account (i.e., intended object end-orientation), and are able to integrate and evaluate multiple biomechanical and cognitive task demands when planning their goal-related movements.
This line of research has also provided the opportunity to investigate the relative weight that the goal-directed and habitual systems exert on grasp planning in developing populations. The majority of these studies utilize the bar transport task developed by Rosenbaum et al. (1990) . In this paradigm, the habitual system and the goal-directed system both call for the adoption of an initial overhand grip when the bar is to be placed into the right target (right end-down trials), thereby facilitating the selection of the appropriate grasp posture. In contrast, when the bar is to be placed into the left target (left end-down trials) the habitual system and the goal-directed system call for different initial postures (overhand grip and underhand grip, respectively).
A recent review article (Wunsch et al., 2013) summarizing the research on developmental grasp posture planning indicated that children as young as 3 years of age are able to select the appropriate grasp when the habitual system and the goal-directed system both call for an initial overhand grip (i.e., in right end-down trials). However, when the habitual system and the goal-directed system call for different initial postures (i.e., left end-down trials) endstate comfort improves with age, and reaches adult levels around 8 years of age. Thus, in contrast to the studies indicating that infants and toddlers are able to efficiently plan their grasp postures, this corpus of work indicates that the age at which goal-directed motor planning abilities emerge is strongly influenced by task constraints. The evidence indicates that the ability of children to integrate multiple constraints (i.e., by using the goal-directed system) during action planning improve across the developmental spectrum, but are not fully developed until children reach 8 years of age.
For example, increasing precision demands at the end of the movement biases children to use the goal-directed system (Manoel & Moreira, 2005; Thibaut & Toussaint, 2010) . For example, in Thibaut and Toussaint (2010) (Exp. 2) , children aged between 4 and 10 years of age grasped a horizontally positioned pencil and made a dot or line on a piece of paper (low-precision task), traced a line from one location to another (another low-precision task), or drew a line in an alley without crossing the edges of the alley with the pencil (high-precision task). The authors found that the ability to satisfy end-state comfort in the low-precision tasks was only reliably observed for the 10-year-old children, and that end-state comfort satisfaction was lower for 8-year-old than 6-year-old children. In contrast, the preference toward comfortable end-states increased as a function of age for the pencil alley task, with higher end-state comfort satisfaction for the 8-year-old than 6-year-old children. Thibaut and Toussaint (2010) argued that grasp posture planning is influenced by perceived affordances and task constraints, as well as the reorganization of planning strategies that occurs around the age of 8 years. Thus, when the precision demands of the task were more readily apparent (pencil alley task), the 8-year-old children were better able to integrate all the necessary information and select grasps that afford a higher degree of final control, than when the constraints of the task were not clearly defined (pointing-with-pencil and tracing-with-pencil tasks).
In sum, tasks with greater cognitive demands bias children toward the habitual system, which is reflected by inconsistent grasp posture planning strategies. The interplay between the habitual and goal-directed systems is also influenced by motor and cognitive maturation, with the goal-directed system exerting a stronger influence on motor planning as children mature, which enables older children to mediate the bias toward the habitual system.
Building on this corpus of work, the present study examined how multiple planning constraints affect the relative weighting of the goal-directed and habitual system during grasp planning in children between 6 to 10 years of age. Specifically, we manipulated the object end-orientation (left end-down, right end-down) as well as the initial precision demands of the task (standard, initial precision). Grasp posture planning was examined using the standard children's version of the standard bar transport task ( Figure  1A , Stöckel, Hughes, & Schack, 2012; Weigelt & Schack, 2010) , Figure 1 . The apparatus used in the grasping and placing task consisted of a cradle, a wooden bar (one end of the bar was painted black, and the other end was painted white), and a target disk. Bird's eye view (top panel) and front view (bottom) of the apparatus during the standard condition (A) and the initial precision condition (B). In the initial precision condition, initial precision demands were increased by inserting metal pins into the holes located on the top of the support cradle. According to the end-state comfort effect, an initial overhand grip results in a comfortable final posture in the right end-down condition (C), whereas an initial underhand grip results in a comfortable final posture in the left end-down condition (D). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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in which children reached for a horizontally oriented bar located on a support cradle, and placed the left or the right end of the bar into a target disk (i.e., standard condition). In another condition, metal pins were inserted into the support cradle (see Figure 1B ), which required that the children lift the horizontally placed bar from the cradle without contacting the metal pins (i.e., initial precision condition). The addition of initial precision demands, therefore, was an extra behavioral constraint that children must consider when planning their grasp postures in the latter condition. Based on prior literature (Wunsch et al., 2013) we expect to observe an overall gradual improvement in end-state comfort satisfaction with age. Additionally, it is postulated that the cognitive costs associated with grasp selection would be greater for conditions in which initial precision requirements are added. If it is the case that increased cognitive costs negatively impact the ability of children to resolve the conflict between the habitual and goal-directed systems, then one might expect to observe lower overall end-state comfort satisfaction values and less consistent grasp strategies in the initial precision condition (compared to the standard condition).
It is likely that the addition of initial precision requirements will have a differential effect depending on object end-orientation. Specifically, it is hypothesized that the cognitive costs will be lowest for the condition in which children need not consider initial precision demands, and the habitual system and the goal-directed system both call for an initial overhand grip (i.e., right end-down trials in the standard condition). Cognitive costs are hypothesized to be moderate for conditions in which children must consider only one task constraint (i.e., initial precision, goal-state) when planning their grasp postures (i.e., left end-down trials in the standard condition, right end-down trials in the initial precision condition). In contrast, it is hypothesized that the cognitive costs will be greatest for the condition in which children must resolve the conflict between the habitual and goal-directed system while also considering initial precision demands when planning grasp postures (i.e., left end-down trials in the initial precision condition). If these hypotheses are correct, then it is expected that conditions with greater cognitive costs should have reduced end-state comfort values and less consistent grasp strategies, compared with conditions with low or moderate cognitive costs.
Method Participants
A total of 80 6-to 10-year-old children (n ϭ 16 in each age group) participated in the experiment (see Table 1 ). There were 10 left-handed children, and 70 right-handed children, as determined by the hand children used to draw a house and throw a ball. All children had normal or corrected to normal vision, and had no known neuromuscular disorders. Informed consent was obtained from the parents of the children prior to participation in the experiment. The experiment was approved by the local school authorities and the institutional review board, and conformed to the declaration of Helsinki.
Apparatus
The apparatus is depicted in Figure 1 , and is similar to that used in previous bar transport studies (Rosenbaum et al., 1990; Stöckel et al., 2012; Weigelt & Schack, 2010) . The objects consisted of a wooden bar (22 cm in length, 2 cm in diameter), painted black on one end and white on the other end. The bar rested on a support cradle that was placed on a height adjustable table and arranged to vertically coincide with the participants' body midline. The support cradle extended 25 cm from the top of the table, and was located 20 cm from the front edge of the table. On each side of the support cradle was a set of two holes (5 cm in depth, 0.51 cm in diameter). The start precision requirements of the task were increased by inserting a metal pin (10 cm in length, 0.5 cm in diameter) into each of the holes on the support cradle. The metal pins extended 5 cm from the top of the support cradle. The target was a cube (10 cm in length, 10 cm in width, 10 cm in height) with a round hole in the center (2.5 cm diameter), which was placed 10 cm in front of the supports. The starting position for each participant was marked by placing a piece of tape on the floor (10 cm length, 2 cm in width) 90 cm in front of the bar. Grasp postures were recorded using a video camera (Panasonic NV-DX 100) placed 3 m from the right horizontal plane of the apparatus.
Procedure
All children were tested separately, with only the experimenter and a teacher in the room. Upon entering the room, the table was adjusted to the height of the participant's chest. The nature of the task was then explained, with instructions specifying that the child should use the right hand to pick up the bar from the support cradle and place one end of the bar into the target disk. The experimenter instructed the child to lift the bar without contacting the metal pins during initial precision conditions. The start orientation of the bar (black end left, black end right) was manipulated, such that for half of the trials the black end of the bar was oriented to the left, and for the other half of the trials the black end of the bar was oriented to the right. The start orientation of the bar was counterbalanced across children.
At the start of each trial, the participant stood at the starting position with their hands relaxed by their sides. After receiving instructions about which end of the bar to insert into the target disk, the child grasped the bar with the right hand using a full power grip (Napier, 1956) , and inserted the required end into the target disk. After holding the bar at the target location for 3 s, the child placed their hand back to their side, and waited for the next trial to begin. Children were informed that movement accuracy was of utmost importance, and that they should perform the task at a comfortable speed. However, no specific instructions were given about how to grasp the bar (i.e., overhand or underhand). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Children performed a total of 16 trials, comprised of the 2 start orientation (black end left, black end right) ϫ 2 bar end-orientation (black end-down, white end-down) ϫ 2 precision (standard, initial precision) conditions, with children performing each trial twice. The individual conditions were presented in a randomized order. The entire testing session lasted approximately 15 min.
Data Analysis
Trials in which the incorrect end of the bar was placed in the target disk, or the bar contacted the metal pins (during initial precision conditions) were counted as errors and not included in analysis. The total number of rejected trials due to errors was less than 3% of the data, and was equally distributed across conditions and participants. Given the low error rate, mean substitution was used to replace missing values.
End-state comfort satisfaction was defined by initial grasps that resulted in thumb up postures at the end of the movement (Rosenbaum et al., 1990; Stöckel et al., 2012; Weigelt & Schack, 2010) . Thus, for left end-down trials, end-state comfort was defined by the adoption of initial underhand grasp postures. For right enddown trials, end-state comfort was defined by the adoption of initial overhand grasp postures. Because the data did not meet the assumptions of parametric statistical analysis, (i.e., homogeneity and normal distribution), the proportion of trials in which end-state comfort was satisfied was determined for each participant, and normalized using an arcsine transformation.
Grasp posture planning consistency was determined by calculating the number of trials in which the children adopted an end-state comfort compliant grasp posture for each condition. As with previous research (Hughes, Seegelke, & Schack, 2012a; Thibaut & Toussaint, 2010) values at either extreme (zero or four trials) would indicate that children selected the same strategy across trials.
Results
Preliminary data analysis did not reveal any differences in grasp posture planning between left-and right-hand dominant children, t(78) ϭ Ϫ1.263, p ϭ .323. Therefore, the data were collapsed across handedness, and analyzed using a repeated measures analysis of variance (RM ANOVA) with age group (6-year-olds, 7-year-olds, 8-year-olds, 9-year-olds, 10-year-olds) as the between subjects factor, and precision (standard, initial precision) and bar end-orientation (left end-down, right end-down) as within subjects factors. Partial eta-squared ( p 2 ) values were calculated for all F tests as an indicator of effect size. Results with p values Ͻ 0.05 were considered significant. Significant main effects and interactions were compared using the Tukey procedure.
End-State Comfort
The proportion of trials in which initial grasp postures resulted in comfortable end postures is displayed in Figure 2 . In line with previous work, the proportion of trials in which end-state comfort was satisfied was higher when the right end of the bar was placed in the target disk (right end-down, 81%), compared with when the left end of the bar was placed in the target disk (left end-down, 66%), F(1, 4) ϭ 8.328, p ϭ .005, p 2 ϭ 0.100. The main effect of precision was also significant, F(4, 75) ϭ 57.631, p Ͻ .001, p 2 ϭ 0.435. The proportion of trials in which end-state comfort was satisfied was higher for the standard (86%) than the initial precision condition (62%).
The interaction between age group, bar end-orientation, and precision was also significant, F(4, 75) ϭ 2.530, p ϭ .047, p 2 ϭ 0.119. Post hoc comparisons revealed significant group differences for the standard condition in which the left end of the bar was placed in the target disk, with lower end-state comfort values for 6-year-old (58%) and 7-year-old children (72%) than all other age groups (8-year-olds ϭ 88%; 9-year-olds ϭ 86%; 10-year-olds ϭ 84%), all ps Ͻ 0.01. The difference between 6-and 7-year old children was not significant, p Ͼ .10. Moreover, end-state comfort values were similar across all age groups for the standard condition in which the right end of the bar was placed in the target disk (6-year-olds ϭ 89%; 7-year-olds ϭ 95%; 8-year-olds ϭ 95%; 9-year-olds ϭ 98%; 10-year-olds ϭ 91%), all ps Ͼ 0.10.
No group differences were observed for the initial precision condition in which the left end of the bar was placed in the target disk (6-year-olds ϭ 66%; 7-year-olds ϭ 53%; 8-year-olds ϭ 45%; 9-year-olds ϭ 58%; 10-year-olds ϭ 53%), all ps Ͼ 0.10. Binomial tests were used to ascertain whether end-state comfort levels differed from chance levels (50%), and indicated that end-state Figure 2 . Proportion of trials in which end-state comfort was satisfied for the left and right end-down trials of the standard and initial precision conditions. Error bars indicate standard deviation. This document is copyrighted by the American Psychological Association or one of its allied publishers.
comfort values were higher than chance levels for the 6-year-old age group (p ϭ .004), but at chance levels for all other age groups (all ps Ͼ 0.05).
For the initial precision condition in which the right end of the bar was placed in the target disk, end-state comfort was significantly lower for the 6-year-old children (52%) compared with all other age groups (7-year-olds ϭ 67%; 8-year-olds ϭ 72%; 9-yearolds ϭ 73%; 10-year-olds ϭ 81%), all ps Ͻ 0.05. There were no significant differences in end-state comfort for all other age groups, all Fs Ͻ 1. Binomial tests indicated that end-state comfort levels were at chance levels for the 6-year-old children (p ϭ .096), but that children in the 7-to 10-year old age groups selected end-state comfort grasp postures at levels higher than expected by chance (all ps Ͻ 0.05).
Grasp Posture Consistency
We first assessed grasp posture consistency during right enddown trials (see Figure 3) . During the standard condition 75% of 6-year-old children always, one child (6.3%) almost always, and three children (18.8%) used an end-state compliant grasp posture in half of the trials. Grasp consistency improved in children aged between 7-and 10-years, with at least 87.5% of children selecting an end-state compliant grasp posture in all trials. Grasp posture planning in the initial precision condition was not as consistent as observed in the standard condition. We found that 37.5% of 6-year-old children always used an end-state compliant grasp posture, 18.8% used an end-state grasp in half of the trials, 18.8% used an end-state posture in one trial, and 25% never used an end-state compliant grasp posture. In children aged between 7 and 10 years of age, the number of children who always satisfied end-state comfort increased (6-year-olds ϭ 56.3%; 7 to 10-yearolds ϭ 62.5%). However, there were still a number of children who never satisfied end-state comfort (6-to 9-year-olds ϭ 18.8%; 10-year-olds ϭ 6.3%), or employed less consistent grasp strategies.
Next we examined grasp posture consistency in left end-down trials (see Figure 4) . During the standard condition 37.5% of children in the 6-year-old age group always used an end-state compliant grasp posture, while 25% of children never selected an end-state compliant grasp posture. Grasp posture selection was more consistent in children aged between 7 and 10 years of age. 56.3% of 7-year-old children, and 62.5% of children aged between 8 and 10 years always selected an end-state compliant grasp posture, and the number of children who almost always used an end-state grasp posture ranged between 12.5% and 25% of children. The number of children who never used an end-state compliant grasp posture also decreased with age (6-year-olds ϭ 25%; 8-and 9-year-olds ϭ 0%; 10-year-olds ϭ 6.3%). Grasp posture planning was less consistent during the initial precision condition, as indicated by the lower number of children always selected an end-state compliant grasp posture (6-year-olds ϭ 37.5%; 7-yearolds ϭ 37.5%; 8-year-olds ϭ 31.3%; 9-year-olds ϭ 37.5%; 10-year-olds ϭ 18.8%), and an increase in the number of children who used an end-state grasp in half, or one of, the trials.
Discussion
In general, the results of the standard conditions are congruent with previous research (Stöckel et al., 2012; Thibaut & Toussaint, 2010; Weigelt & Schack, 2010) . Overall, end-state comfort and grasp consistency was higher for right end-down trials than left end-down trials. End-state comfort compliance was similar for all age groups in right end-down trials, and corresponded to values reported in adult populations in which the bar transport task was employed (e.g., Hughes et al., 2012b; Rosenbaum et al., 1990) . In left end-down trials, the percentage of children who consistently satisfied end-state comfort increased over the developmental spectrum, and reached levels typically observed in adult populations around 8 years of age. Results of the standard condition, thus, reinforce the idea that the development of anticipatory motor planning is influenced by the goal-directed and habitual systems (Stöckel & Hughes, 2015; Stöckel et al., 2012) . Specifically, grasp posture selection is facilitated when the habitual and goal-directed systems favor identical initial grasps (i.e., right end-down trials). In contrast, when the habitual and goal-directed systems favor different grasps (i.e., left end-down trials) only children aged 8 years and older were able to effectively consider future task demands (i.e., end-state comfort) and mediate the bias toward overhand postures (habitual system).
Results of the study also demonstrated that grasp posture planning was strongly influenced by the addition of initial precision Figure 3 . Numbers of children who employed an end-state comfort compliant grasp posture in 0, 1, 2, 3, and 4 trials during left end-down trials. The left panel refers to trials in which initial precision demands were absent (standard condition). The right panel refers to trials in which initial precision demands were added (initial precision condition). This document is copyrighted by the American Psychological Association or one of its allied publishers.
demands. Regardless of object end-orientation (left vs. right enddown) the proportion of children who employed consistent grasp posture planning strategies was higher when initial demands were absent, compared with when they were present. Additionally, end-state comfort satisfaction was similar and near chance levels for all age groups (M ϭ 55%) during the left end-down trials of the initial precision condition. In contrast, there was a slight indication of age-related effects on grasp posture planning during right enddown trials of the initial precision condition, with lower end-state comfort values for the 6-year-old children (52%) than all other age groups (M ϭ 73%). The observation that end-state comfort values ranged between 45% and 66% during the left end-down trials, but improved with age for right end-down trials, for the initial precision condition indicates that the cognitive costs associated with grasp posture planning were higher when the goal-directed and habitual systems were in conflict with one another, compared with when they called for the same grasp posture (Herbort & Butz, 2011; Stöckel et al., 2012) . Based on the current data, we hypothesize that the demands associated with selecting the appropriate grasp posture during left end-down trials of the initial precision condition required more cognitive resources than children between 6 and 10 years of age possess. Removing the conflict between the goal-directed and habitual systems reduces some of these costs, with data indicating that children from 7 years of age start to integrate the addition of initial precision demands into the action plan, with improvements in planning increasing as children age.
The results of the present study support the hypothesis that conditions with greater cognitive costs lead to reduced end-state comfort values and less consistent grasp strategies, compared with conditions with low or moderate cognitive costs. We postulate that the selection of an appropriate initial grasp posture requires that participants consider the task demands (e.g., precision demands) and body states (e.g., comfort and control of the effector) at both the temporally proximal and temporally distal action segments (Seegelke, Hughes, Knoblauch, & Schack, 2013) . We hypothesize that the cognitive costs associated with grasp posture planning were higher for the initial precision condition than the standard condition (Hughes et al., 2012a) . The increased cognitive costs apparent during the initial precision condition interfered with the ability to consider and integrate information at both the temporally proximal and temporally distal action segments into a single action plan (Seegelke et al., 2013; Stöckel & Hughes, 2015) .
There is growing evidence from developmental (Stöckel & Hughes, 2015) and adult populations (Logan & Fischman, 2011; Weigelt, Rosenbaum, Huelshorst, & Schack, 2009 ) that cognitive functions and grasp posture planning are strongly linked. For example, Stöckel and Hughes (2015) recently demonstrated that successful unimanual and bimanual grasp posture planning performance is positively correlated with working memory and planning and problem-solving abilities in normally developing 5-and 6-year-old children. It would certainly be worthwhile to extend this line of work to examine how these executive functions correlate to grasp posture planning behavior across tasks of varying complexity and across the developmental spectrum.
This study provides new evidence about the role of cognitive costs on grasp posture planning development. However, there are several limitations to the current study which may inform future directions in this line of research. One limitation of the present study is that only two levels of initial precision were used. It is recommended that future researchers manipulate the number of initial precision conditions in a systematic fashion in order to obtain a more accurate picture of how an initial precision influences grasp planning behavior in developmental populations. For example, the distance between the metal pins on the support cradle (e.g., close vs. distant pins) could be varied, which would alter the initial precision requirements of the movement task (thereby changing second-order motor planning requirements).
1
There is growing evidence that the interplay between the habitual and goal-directed systems is influenced by object familiarity and experience (Barrett et al., 2007; Gentilucci, 2002; Herbort & Butz, 2011; van Elk, Viswanathan, van Schie, Bekkering, & Grafton, 2012 ). As such, it is possible that the manipulated object in the present study (a wooden dowel) did not have clear action connotations, which may not have adequately facilitated motor responses corresponding with the feature position. It would certainly be worthwhile to employ everyday objects (e.g., hairbrush, cup, spoon) to examine how familiarity and experience with an object 1 We thank an anonymous reviewer for this suggestion. This document is copyrighted by the American Psychological Association or one of its allied publishers.
alters the relative weight of the goal-directed and habitual systems during object manipulation tasks of varying complexity. As in other studies that have examined the development of anticipatory motor planning, the current study measured behavior at only the macroscopic grasp posture planning level. There is growing evidence, at least for neurologically healthy adults, that task constraints do not influence motor planning (grasp posture) and motor execution (kinematic) equally Seegelke et al., 2011; Seegelke et al., 2015) . For example, Hughes et al. (2011) examined how physically connecting two objects influences grasping and placing movements to congruent or incongruent object end-orientation targets. The authors found that physically connecting the two objects altered the transport (i.e., motor execution) but not the grasping (i.e., motor planning) component of the movement. In contrast, the congruency of the object endorientation targets influenced both components of the task (i.e., both motor planning and execution). In sum, these results indicate that constraints may not elicit equal effects on both the motor planning and execution level.
Recent technological advances would provide the possibility to examine motor planning and execution while manipulating everyday objects in naturalistic situations (Allievi, Arichi, Gordon, & Burdet, 2014; Campolo, Laschi, Keller, & Guglielmelli, 2007; Campolo et al., 2012; Cecchi, Serio, Del Maestro, Laschi, & Dario, 2010) . For example, Campolo, Laschi, Keller, and Guglielmelli (2007) developed instrumented toys (e.g., a ball, babies rattle, toy blocks) that were equipped with kinematic (via triaxial accelerometer, triaxial magnetometer, and triaxial gyroscope) and fingertip force sensors (Quantum Tunneling Composites) capable of accurately and quantitatively measuring manual function and motor development during a block rotation and fitting task in normally developing toddlers between 12 and 36 months of age. Given the effects of object familiarity on the interplay between the habitual and goal-directed systems, as well as the fact that investigating motor behavior at multiple levels may provide a more thorough understanding of motor control processes, researchers should utilize nonobtrusive instrumented technologies fitted with highly accurate sensors to measure detailed aspects of motor behavior in developing populations.
